Introduction
COPD is one of the leading causes of morbidity and mortality globally, and was responsible for 3.2 million deaths and 63.9 million disability-adjusted life years worldwide in 2015.
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Ding et al activity has been shown to be a predictor of mortality and COPD exacerbations. 4 It has been suggested that physical activity levels may also be associated with dyspnea, healthrelated quality of life, and exercise capacity outcomes. 4 In addition, physical comorbidities that are common in patients with COPD 5 may further reduce physical activity levels. 6 Therefore, there is increasing interest in physical activity in patients with COPD, both as a prognostic factor and as a component of treatment. [7] [8] [9] However, there is a paucity of data examining the relationship between physical activity and current COPD treatment regimen, and previous studies investigating the relationship between physical activity and GOLD group, and physical activity and lung function, were limited by relatively small patient numbers. 7, 8, 10, 11 The aim of this real-world study was to describe selfreported functional performance, a measure of how much difficulty an individual has when performing day-to-day activities, according to current treatment regimen, lung function measurements, symptoms, and Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2017 groups 5 in a large sample of patients with COPD.
Materials and methods study design
This study was a multicenter, cross-sectional, observational survey (study identifier: D5970R00003) conducted in the USA, and comprised two components: a patient questionnaire and a medical chart review. Data were collected between January and June 2017.
The study protocol was submitted to a US centralized Institutional Review Board (Western IRB) for methodological approval and was granted an exemption. Due to the non-interventional nature of the study, a central approval through the Western IRB was considered appropriate for this study. This study was performed in compliance with the International Society for Pharmacoepidemiology guidelines for Good Pharmacoepidemiological Practice and in full accordance with the US Health Insurance Portability and Accountability Act 1996 and Health Information Technology for Economic and Clinical Health 2009 guidelines. The patient and physician information collected was fully anonymized. Patients must have signed an informed consent form to participate in the study.
study population
Primary care physicians and pulmonologists who had 5-35 years' clinical experience, who were responsible for the treatment of patients with COPD, and who saw $3 patients with COPD per month were eligible for inclusion in this study. Physicians were requested to follow a consecutive approach to recruitment to avoid selection bias; each physician invited their next 1-30 consulting and eligible patients with COPD to take part in the study. Patients were recruited on a double-blind basis; the patients and study sponsor remained anonymous to one another. Patients who were $40 years of age with a physician-confirmed diagnosis of COPD and willing and able to complete a questionnaire by themselves were included.
Objectives
The primary objective of this study was to describe selfreported functional performance according to standard-of-care (SOC) medication class(es) received by patients with COPD. Exploratory objectives included: 1) to determine the frequency of receipt of SOC medication class(es) among GOLD 2017 groups; 2) to determine self-reported functional performance among GOLD 2017 groups; 3) to evaluate spirometric measures of lung function according to SOC medication class(es) received; and 4) to examine the relationship between selfreported functional performance and lung function among patients with COPD. The relationship between self-reported functional performance and patient symptom burden (COPD assessment test [CAT] score) was also examined.
Patient self-completion questionnaire (PsC)
Patients who were identified by their physician completed the paper-based PSC post-consultation, which took a maximum of 10 minutes. The PSC captured patient demographics and incorporated several patient-reported outcome tools, including the Functional Performance Inventory-Short Form (FPI-SF) and the CAT. The completed PSC was then given to the site staff.
The FPI-SF comprises 32 items and assesses the level of difficulty patients had with physical activities across six domains, including: body care (five items), maintaining the household (eight items), physical exercise (five items), recreation (five items), spiritual activities (four items), and social interaction (five items). Patients responses were scored as 1= much difficulty, 2= some difficulty, or 3= no difficulty, and if patients did not perform an activity, they could select either "don't do for health reasons" or "choose not to" (both rated as 0). The FPI-SF has been validated as a self-completed assessment in patients with COPD 12 and was used as a patient proxy measurement of physical activity impairment.
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The CAT has been developed to quantify the impact of COPD on patient health in routine practice across the following eight items: energy, sleep, confidence, activities, breathlessness, chest tightness, phlegm, and cough. Patients rated items on a scale of 0 to 5, and total scores ranged from 0 to 40, with higher scores representing worse health. 13 CAT scores contributed toward the derivation of GOLD 2017 groups in this study. 5 
Medical chart review
Patient medical charts were reviewed and data extracted by the physician onto an electronic case report form, which captured diagnosis, and clinical and treatment history of patients, including their most recent results of spirometric lung function tests. In addition to current medications, if the patient had been receiving their current medication for less than 12 months, any other medications from the last 12 months were also included. Data were only collected once the physician had received the PSC. Not all information was available for each patient due to patients having incomplete records or not having had a specific test.
statistical analyses
Classification into GOLD 2017 groups was derived from the information provided by the physician following the medical chart review (number of exacerbations and hospitalization and/or emergency room admission) and each patient's CAT score. 5 For the analysis, treatment regimens were classified into six groups: 1) "short-acting bronchodilator" included treatment with a short-acting muscarinic antagonist (SAMA) or short-acting β 2 -agonist (SABA); 2) "mono long-acting bronchodilator" included treatment with a long-acting muscarinic antagonist (LAMA) or long-acting β 2 -agonist (LABA); 3) "dual long-acting" bronchodilator included treatment with a LAMA and a LABA; 4) "ICS/long-acting bronchodilator" included treatment with inhaled corticosteroids (ICSs) and a LAMA or LABA; 5) "triple therapy" included treatment with ICS, a LAMA, and a LABA; and 6) "other treatments" included, but were not limited to ICS, short-acting bronchodilators in combination with other treatments, and phosphodiesterase-4 inhibitors or oral corticosteroids alone or in combination with other treatments. Combination therapies could have been administered via separate inhalers or as fixed-dose combinations (FDCs), although no FDC triple therapies were approved during the study period.
Data were analyzed using descriptive statistics; FPI-SF and post-bronchodilator FEV 1 % predicted were stratified by treatment regimens and GOLD 2017 groups. In addition, data for treatment regimens among GOLD 2017 groups were tabulated. Multiple linear regression analysis was used to determine the relationship between FPI-SF and FEV 1 , and FPI-SF and its domains were used as dependent variables in separate regressions, with FEV 1 as an independent variable. Multiple linear regression was also used to determine the relationship between FPI-SF and CAT score, with CAT score as an independent variable. The r 2 values and P-values (from a Wald test) associated with FEV 1 and CAT score were used to determine their relationship with FPI-SF scores.
Standard errors in regressions were adjusted to allow for intragroup correlation within reporting physician, relaxing the usual requirement that the observations be independent (patients were independent across physicians but not necessarily within physician). Age, gender, body mass index (BMI), socioeconomic status, medication, smoking status, and comorbidities (using Charlson Comorbidity Index) confounding variables were included as covariates. Time since diagnosis was listed as a covariate but was not included, and the number of pack-years was substituted with smoking status as it limited the sample size. A proxy for severity was not included since lung function may be correlated with severity and, therefore, this risked controlling for the effect being measured. No adjustments for multiplicity were made in this study. All analyses were conducted by the Adelphi Real World statistical department using Stata 14.1 or later (Stata Statistical Software: Release 14; StataCorp LP, College Station, TX, USA).
As the majority of planned analyses were descriptive, the sample size only affected the precision of the point estimates. A sample size of 62 was needed to generate a 95% CI that was within 0.25 SDs of the mean. For the regression analysis, complete data for all outcomes and covariates were required to be included in the model.
Results
study population and clinical characteristics
A total of 206 physicians agreed to participate, and 148 recruited patients to the study. Of those, 101 (68.2%) were primary care physicians and 47 (31.8%) were pulmonologists, who saw an average of 77 and 168 patients with COPD per month, respectively. A total of 1,775 patients with physician-confirmed COPD, who had a mean age of 65.2 years and a mean BMI of 27.5 kg/m 2 participated in this study ( Table 1) . The majority of patients were Caucasian (71.9%) and current or former-smokers (87.1%), and just over half of patients were male (55.1%) and had experienced at least one exacerbation in the last 12 months (55.4%). According to GOLD 2017, 14.8% of patients were classified in group A, 46.6% in group B, 2.6% in group C, and 36.0% in group D. Around half of patients (46.6%) had comorbidities, with hypertension being the most common (41.3%; Table 1 ). A full overview of patient comorbidities is provided in Table S1 . Fewer than half of the patients had data available for the spirometry lung function tests; only a very small proportion of patients (,6.1%) had data available for maximal voluntary ventilation and inspiratory capacity. Furthermore, 65.2% (666 of 1,021) of patients had FEV 1 tests performed by pulmonologists, whereas only 22.8% (233 of 1,021) of patients had FEV 1 tests performed by primary care physicians. Demographic information and clinical characteristics are summarized in Table 1 .
Current treatment classes prescribed
Overall, 67.9% of patients were receiving an ICS in combination with a long-acting bronchodilator (LAMA or LABA; 37.2%) or as part of a triple therapy (LAMA+ LABA; 30.7%; Figure 1 ). In the dual bronchodilation group, 64% were receiving LAMA/LABA FDCs. When stratified by GOLD 2017 groups, ICS/long-acting bronchodilator was the most commonly prescribed treatment in group A (34.2%), group B (38.1%), and group C (44.4%), whereas in group D triple therapy was the most frequent treatment (46.4%; Figure 1 ).
Functional performance
Patients reported difficulty with physical activity based on FPI-SF total scores across all treatment regimens and GOLD 2017 groups (mean total score overall: 2.1; Figure 2 ). Patients who were receiving triple therapy at the time of observation had the most impairment, with a mean FPI-SF total score of 1.9 ( Figure 2 ). Patients classified within GOLD groups A and C reported similar functional performance (2.6), followed by GOLD group B (2.1); GOLD group D (1.9) reported the lowest FPI-SF scores (Figure 2 ). The lowest FPI-SF scores were reported within the FPI-SF domains "physical exercise" and "maintaining the household" (mean scores of 1.7 and 1.8 for all patients, respectively). This trend was observed consistently, regardless of treatment regimen (with the exception of patients treated with short-acting bronchodilators who had a lower mean FPI-SF score for "spiritual activity" than "maintaining the household" [ Table 2 ]), or GOLD 2017 group (Table 3) .
lung function
The highest mean post-bronchodilator FEV 1 % predicted value was reported for patients receiving treatment with short-acting bronchodilators only (76.2%), and the lowest value was reported for patients receiving triple therapy 
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Functional performance in patients with COPD (55.5%; Figure 3A ). The post-bronchodilator FEV 1 % predicted values were comparable for patients receiving mono long-acting bronchodilator, ICS/long-acting bronchodilator, dual long-acting bronchodilator, or other therapies ( Figure 3A) . When stratified by GOLD 2017 group, the highest post-bronchodilator FEV 1 % predicted values were reported for patients in groups A (70.3%) and C (69.4%), and the lowest value was reported for patients in group D (54.7%; Figure 3B ).
relationship between functional performance, and lung function and symptoms
Multiple linear regression analysis was performed to evaluate the relationship between FPI-SF and FEV 1 % predicted, and indicated that patients with a higher FEV 1 % predicted values had a higher FPI-SF score for all domains (r 2 value 0.3299; Figure 4A ). The regression model suggested that for each unit increase in FEV 1 % predicted, the FPI-SF total score would increase by 0.0104 (all P,0.01; Table 4 ). Regression analysis was also performed to evaluate the association between FPI-SF and CAT score. This analysis indicated that patients with a lower CAT score had a higher FPI-SF score for all FPI-SF domains (r 2 value 0.4335; Figure 4B ), with a one-unit decrease in CAT score resulting in an increase of 0.0403 (all P,0.01; 
Discussion
This cross-sectional, real-world, observational study provides insight into the relationship between self-reported functional performance, current treatment regimen, GOLD 2017 groups, and spirometric measurements of lung function in a large sample of patients with COPD who were consulting their treating physician in routine clinical practice.
Although current GOLD guidelines recommend spirometric assessments to determine the diagnosis and prognosis of COPD, 5 data from spirometric lung function tests were available for fewer than half of the patients in this study (42.7%). This proportion is reflective of the real-world setting and similar to, or higher than, earlier studies in the USA, which reported that overall, 31%-42% of patients with COPD had undergone spirometry tests. [14] [15] [16] [17] [18] However, use of spirometric assessments can vary considerably (higher than threefold) between regions within the USA, 16 and between different types of physicians as reported in this study, with pulmonologists performing tests for FEV 1 in almost three times the number of patients compared with primary care physicians.
An ICS/long-acting bronchodilator combination was the most commonly prescribed treatment regimen for patients in GOLD groups A, B, and C, although not being recommended for groups A and B, and in GOLD group C only for patients who experience persistent exacerbations despite treatment with b Percentages for all patients, and gOlD groups a and B do not add up to 100% due to rounding. a long-acting bronchodilator. 5 Dual long-acting bronchodilator treatment was prescribed to only 9.6% or less of patients in GOLD groups B, C, and D, despite being recommended as one of the preferred treatments in these groups. 5 Triple therapy was prescribed to around one-eighth of patients in GOLD group A and around a quarter in groups B and C, although it is only recommended for patients in group D who experience further exacerbations or persistent symptoms on dual therapies. 5 It should be noted that as the GOLD 2017 report was only released at the end of 2016 and this study was performed over the first half of 2017, it is unlikely that physicians would have begun to implement the changes in recommendations into clinical practice. However, many physicians also did not follow the treatment paradigm in the GOLD 2016 report, which like the 2017 report did not recommend ICS/long-acting bronchodilator combinations for patients in GOLD groups A or B, and recommended triple therapy for patients in GOLD group D only. 19 This is reflective of findings from previous real-world studies, which described high prescribing rates of ICS in combination with a long-acting bronchodilator or as part of triple therapy across all GOLD groups. 20, 21 The FPI-SF was used in this study to assess functional performance, as a proxy measurement of physical activity impairment, because this instrument is validated in patients a Patients rated how difficult each activity was for them to perform and their responses were scored on a three-point scale: 1= much difficulty, 2= some difficulty, 3= no difficulty. If patients did not perform an activity (either for health reasons or by choice), the item received a score of 0.
12 b number of patients with completed FPI-SF who were classified by current treatment regimen. 
Notes:
a Patients rated how difficult each activity was for them to perform and their responses were scored on a three-point scale: 1= much difficulty, 2= some difficulty, 3= no difficulty. If patients did not perform an activity (either for health reasons or by choice), the item received a score of 0. with COPD 12 and captures the patients' perspectives on their difficulties with performing daily activities that patients consider to be important, including personal care, family, and social activities. Furthermore, the FPI-SF does not exclude items that patients do not perform (either for health reasons or by choice); instead they receive a score of 0, 12 and therefore contribute to low functional performance scores. Patients who were receiving triple therapy had the worst disease status as shown by the high proportion of patients who were classified into GOLD group D and the low FEV 1 % predicted values. In addition, patients receiving triple therapy also reported the lowest functional performance (mean FPI-SF total score: 1.9). This is likely due to the fact that patients who were prescribed triple therapy had a higher level of disease severity than those using other bronchodilator therapies. 5 Patients within GOLD groups A and C reported comparable functional performance, while patients within groups B and D reported lower functional performance. This suggested that difficulty in performing physical activity may be related to the level of symptoms experienced rather than to the exacerbation history, 5 although further studies investigating this assumption are required. However, the lowest functional performance (mean FPI-SF total score: 1.9) was reported in patients in GOLD group D who have both a high symptom burden and a high exacerbation risk, 5 which is comparable with findings from previous studies. 7, 8 In addition, patients in GOLD group D had the lowest FEV 1 % predicted values (54.7%). Irrespective of current treatment regimen or GOLD 2017 group, patients generally reported lower FPI-SF scores for the domains that are the most physically demanding
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Ding et al ("physical exercise" and "maintaining the household") than for the other domains. This is largely reflective of the findings from a previous small study validating FPI-SF which found that most patients had difficulties with activities that required high exertion, with the lowest FPI-SF scores reported for physical exercise, followed by spiritual activities and then maintaining the household. 22 FPI-SF scores were found to be positively correlated with FEV 1 % predicted, and longitudinal studies are required to elucidate if an improvement in lung function in patients with COPD could translate into an increase in patient physical activity. A correlation between FPI-SF score and CAT score was also observed, with a greater symptom burden (higher CAT score) associated with lower functional performance (lower FPI-SF score). This correlation was stronger than that between FPI-SF score and FEV 1 % predicted, suggesting that CAT score may be a stronger predictor of patients' physical activity impairment and that changes in CAT score could potentially relate to the effect of therapeutic interventions on physical activity. Together, these data suggest that achieving the maximum improvements in lung function and symptomatic relief through bronchodilator therapy could lead to patients with COPD having a more active lifestyle, which may in turn help to slow lung function decline. 
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Ding et al A high proportion of patients in this study had comorbidities, with the type of comorbidities similar to previous findings in patients with COPD. 23, 24 A study in a small cohort of patients with COPD identified that those who had physical comorbidities such as obesity and musculoskeletal or neurological conditions had decreased physical activity levels in comparison with those who did not have physical comorbidities. 6 Larger studies are required to further elucidate the effect of comorbidities on physical activity in patients with COPD.
Limitations of this study included that patients may have been visiting their physician due to an unusual flare up in symptoms, which may not have been indicative of their health status over the previous 12 months. A further limitation was that patients may have been seeing multiple physicians, but data were only recorded at one setting. However, physicians were asked to extract specific parts of the medical records that were available to them, which included visits to other physicians. While the patient sample was representative of the consulting population, due to the recruitment process, the patient sample was not strictly random, and it is unknown whether there would have been any differences between the patients who did and did not participate. In addition, although common and accepted for real-world studies, diagnosis of COPD was physician confirmed. Together, these factors may have limited the generalizability of the findings in this study to all COPD patients. However, the large number of patients included in this study provides reassurance that these data are representative of the real world.
Conclusion
Patients with COPD across all treatment regimens and GOLD 2017 groups experienced impairments in functional performance. Patients who had the worst lung function as measured by FEV 1 % predicted, and those in GOLD group D, were typically prescribed loose triple therapy and tended to report the most difficulty with physical activity. Importantly, functional performance (FPI-SF score) was found to be correlated with lung function (FEV 1 % predicted) and to a greater extent with symptoms (CAT score). Additional longitudinal randomized controlled trials, real-world evidence studies, and observational studies are needed to establish a correlation between the effect of treatment on symptom burden, lung function, and physical activity capacity.
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